Surgery for renal cell carcinomas with tumor thrombus extending in the Inferior Vena Cava (IVC) can be particularly challenging, especially in the retrohepatic and intraatrial situations (T3b and T3c). Classically, these tumors require the intraoperative use of cardio-pulmonary by-pass (CPB) and deep hypothermic circulatory arrest (DHCA), that can result in specific complications (stroke, platelet dysfunction), with increased postoperative morbidity rates. In urological practice, a particular IVC preparation method is currently in use, allowing full control both upon the IVC and its tributaries. It is derived from the "piggy-back" liver transplantation technique and implies the resection of all hepatic ligaments, leaving the hepatic vascular connections intact. This procedure is joined by a form of veno-venous bypass (between the right atrium and the infrarenal IVC) that allows a constant central venous pressure (by assuring blood return), with less bleeding and without the need for CPB and DHCA (avoiding, in this way, their inherent complications). All in all, these recently-introduced procedures can offer better thrombus control, improved oncologic outcomes and smaller complication rates. We aim to present a case of borderline T3b/T3c renal tumor that was successfully treated in our university center using these techniques.
Introduction
Renal Cell Carcinoma (RCC) is a highly vascular renal tumor with an unique tendency for vascular invasion and tumor thrombus formation, extending from the renal vein to the Inferior Vena Cava (IVC) and even the right atrium (1) . It is estimated that 4 to 10% of RCCs have a tumor thrombus present in the venous system, while for 1% of the latter, the thrombus is extended to the right atrium (1, 2) .
In terms of therapy, surgical resection remains the best option for this type of tumor, in spite of the great progress in oncologic treatment (immunotherapy, radiation and chemotherapy) (1) . For RCCs with vascular invasion (T3a, T3b, T3c), the only potential cure in surgery, regardless of the level of the thrombus (I-IV), as long as there is no metastatic disease (the Neves staging system -see Table I ). Thus, according to the 2014 edition of the European Association of Urology guidelines, the official recommendation is for radical nephrectomy and tumor thrombectomy for all T3 patients (1, (3) (4) (5) (6) .
The surgical approach is variable according to each author but there is a consensus that such cases are complex, require an excellent understanding of the local anatomy and benefit from an interdisciplinary approach (1,7).
For borderline T3b/T3c renal tumors, classically, there is a need for cardio-pulmonary bypass and cardiac arrest in order to ensure a bloodless surgical field and optimum surgical comfort. However, this procedure implies a high risk of stroke and platelet dysfunction, resulting in the development of less-invasive bypass techniques together with more efficient approaches for renal resection (1, (7) (8) (9) .
Optimum caval exposure is a key element for an accurate renal resection which can be achieved by complete liver mobilization using a technique derived from the "piggyback" liver transplantation procedure, allowing thrombus management with only a veno-venous by-pass (7, (10) (11) (12) .
The aim of our study was to present a case of borderline T3b/T3c renal tumor with a level III/IV thrombus (4) that was successfully treated in our university center using liver transplant techniques for caval exposure together with veno-venous by-pass.
Case report
We present the case of a 58 year-old female patient diagnosed with a right-sided, borderline T3b/T3c renal cell carcinoma in our department. At presentation, the patient complained of weight loss and fatigability. The physical * Correspondence to: Ioan Alin Nechifor-Boilă E-mail: nechiforalin@yahoo.com examination found no abnormalities in the abdomen. An abdominal ultrasound examination was performed and revealed a locally advanced, right-sided renal tumor. A high resolution angio-CT scan highlighted a tumor thrombus advancing into the inferior vena cava to the level of the diaphragm ( Figure 1 A and B) . No signs of IVC wall invasion from the thrombus nor metastatic disease were found.
Surgical treatment was initiated and a combined urological-cardiovascular surgical team was formed. A modified chevron incision was used, later completed with a midline sternotomy.
The parietal peritoneum, lateral to the ascendant colon, was incised and the right colon and mesocolon were deflected. Next, Gerota's fascia was exposed and incised, revealing the perirenal space. The right kidney was gradually mobilized after having ligated the large array of small collateral veins in the perirenal atmosphere. The right ureter and the right ovarian vein were divided. The same was per- formed for the right renal artery. Next, the subhepatic IVC was exposed by removing all perivascular fatty tissues. The lumbar vessels were identified, clamped and resected. After clearing the subhepatic IVC, the tumor thrombus was identified extending to the retrohepatic space ( Figure 1C ). The liver was mobilized according to the actual "piggyback" liver transplantation technique in order to obtain complete exposure of the IVC. The teres, right coronal, falciform and triangular ligaments were divided and the right hepatic lobe was deflected leftwards ( figure 1D ). The posterior parietal peritoneum was incised and full access to the IVC and suprahepatic veins was obtained. By palpation, the tumor thrombus was identified reaching over the caval hiatus of the diaphragm. The decision for venovenous by-pass was taken.
The cardiovascular team performed sternotomy and exposed the anterior mediastinum. The pericardium was incised, exposing the right atrium and terminal IVC. The right atrium and the infrarenal IVC were cannulated. Pringle's maneuver was undertaken. After two minutes (in order to allow hepatic decompression), the infrarenal IVC, the left renal vein, suprahepatic veins and intrapericardic IVC were consecutively occluded, ensuring a "bloodless IVC". By-pass was initiated (Figure 2A ). The thrombus was "milked" downwards to a level inferior to the suprahepatic veins. The intrapericardic IVC clamp was released and repositioned below the suprahepatic veins. A circumferential cavotomy was performed around the right renal vein running upwards to the infrahepatic clamp. The right kidney together with the thrombus were resected en-bloc ( Figure 2B and 2C) . The IVC was flushed and thrombus checked for integrity ( Figure 2D ). After assurance of complete removal, the IVC was closed using a running 4.0 polypropylene suture. All clamps on the IVC and its branches were removed. By-pass was suppressed. Drains were put into position and both abdominal and thoracic incisions were closed. Blood loss was kept to a minimum. The patient had a favorable outcome and was discharged from hospital 12 days later. At subsequent follow-up visits, the patient was cancer free at 3, 6 and 12 months.
Discussion
We presented a case of borderline T3b/T3c renal tumor, with a type III/IV thrombus that was successfully treated using liver transplantation methods for optimum IVC exposure. By using a veno-venous by-pass, deep hypothermic circulatory arrest and cardio-pulmonary bypass were not necessary, thus avoiding potentially severe complications.
Surgical management of a RCC with thrombus extension to the retrohepatic vena cava is challenging. For oncologic purposes, radical nephrectomy and tumor thrombectomy must be performed with clear surgical margins while assuring the safety of the patient (7).
Thrombus management is the most difficult part of the operation, but it is critical for favorable outcomes. Embolism and hemorrhage during IVC manipulation are serious Fig. 2 . After canullation of both infrarenal IVC and the right atrium, the veno-venous bypass is prepared (2A). After cavotomy, the thrombus is exposed (2B-arrowhead) and extracted (2C-arrowhead) together with the right kidney. Its intergrity is checked before suturing the IVC (2D).
complications that can have even life-threatening consequences, implying increased morbidity rates, transfusions and even further procedures (7).
Our technique is similar to the one proposed by Ciancio et al, with a difference residing in our need for veno-venous bypass. Their team propose a resection procedure that is purely abdominal, with a similar IVC exposure technique but without bypass (7) .
The same technique was also reported by Gorin et al who obtained very good results in the treatment of RCCs presenting with level II thrombi (13) .
Wotkowicz et al, in their broad review on renal tumors invading the vena cava presented their broad experience with both classical and minimally invasive by-pass, with recognition of the potential bypass-related complications like coagulopathy and stroke. When comparing the two by-pass methods, the team reported shorter operative and hospital times, decreased transfusion rates and less mechanical ventilatory support in favor of the minimallyinvasive one (1, 14) .
Conclusion
The use of liver transplantation techniques for radical nephrectomy in borderline T3b/T3c renal tumors, with or without the use of veno-venous by-pass, is an efficient technique, allowing improved vascular control, less risk of embolism, adequate venous return and a decreased blood loss.
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